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ABSTRACT 

Sand  distribution  in  the  Mannvilie  Group  in  the  Turin  area  was 
determined  using  computer  generated  sand  percentage  slice  maps,  structure 
contour  maps  and  isopach  maps.  Trend  surface  analysis  was  used  to  sepa¬ 
rate  local  anomalies  from  regional  trends  within  the  structural  and 
lithologic  data. 

Continental  Mannvilie  Group  sediments  were  deposited  on  an  eroded 
surface  of  southwesterly-dipping  Mississippian  and  Jurassic  strata.  In¬ 
itial  deposition  consisted  mainly  of  sand,  and  was  restricted  to  stream 
channels  on  the  pre-Mannville  surface,  the  configuration  of  which  re¬ 
flected  the  northwesterly  strike  of  the  bedding.  Infilling  of  valleys 
and  the  denudation  of  ridges  produced  a  landscape  of  low  relief  by  late 
Lower  Mannvilie  time.  Maturation  of  the  Cordilleran  source  area  resulted 
in  the  progressive  decrease  in  the  volume  of  sand  deposited  within  the 
Lower  Mannvilie  sequence,  culminating  in  the  widespread  deposition  of 
shales  of  the  Ostracode  Zone.  Differential  compaction  of  Lower  Mannvilie 
sediments  produced  an  Upper  Mannvilie  topography  similar  to,  yet  more 
subdued  than  that  of  the  pre-Mannville  surface.  During  late  Mannvilie 
time,  predominantly  fine-grained  elastics  were  deposited.  Periodic  up¬ 
lift  and  erosion  of  the  source  area  resulted  in  the  influx  of  sand,  which 
was  more  variably  distributed  than  in  the  Lower  Mannvilie  Group.  Drain¬ 
age  channels  frequently  coalesced  to  form  wide  valleys  and  floodplains 
of  meandering  and  braided  streams.  Mannvilie  sedimentation  was  halted 
by  the  transgression  of  the  Colorado  Sea. 

Petroleum  distribution  is  a  function  of  pre-Mannville  topography, 


sand  distribution  and  post-deposi tional  northwesterly-ti 1  ting  of  the 
basin.  Traps  are  predominantly  stratigraphic,  formed  by  shaling  out  of 
channel  sands.  Oil  and  gas  pools  occur  in  the  updip  portion  of  sands 
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which  accumulated  along  the  flanks  and  crests  of  structural  highs  cor¬ 
responding  to  topographic  highs  in  the  pre-Mannville  surface.  Produc¬ 
tion  occurs  mainly  from  the  Lower  Mannville  Group  and  the  Glauconitic 
Sandstone  Equivalent. 
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Chapter  I 
INTRODUCTION 


A.  PURPOSE  AND  LOCATION  OF  STUDY 

The  purpose  of  the  study  was  threefold: 

1.  To  map  the  distribution  of  sandstones  in  the  Mannville  Group 
using  numerical  techniques.  This  method  was  seen  as  a  viable  alterna¬ 
tive  to  conventional  interpretive  log  correlation,  particularly  within 
a  continental  sequence  where  sandstones  are  laterally  discontinuous  and 
exhibit  considerable  variation  in  log  response. 

2.  To  find  reasons  for  the  distribution  of  sandstones  in  the  suc¬ 
cession  . 

3.  To  determine  the  factors  controlling  the  occurrence  of  oil  and 
gas  in  the  sandstones. 

The  Turin  area  is  located  in  the  southern  Alberta  plains  (fig.  1) 
within  Townships  10  to  15,  Ranges  16  to  20  west  of  the  Fourth  Meridian 
(Fig.  2),  and  covering  approximately  1,100  square  miles  (2,850  square 
kilometres) . 

This  area  was  chosen  because  the  Mannville  Group  is  entirely  con¬ 
tinental,  and  has  oil  and  gas  production  from  a  number  of  sandstones 
within  the  sequence  (the  Little  Bow,  Enchant,  Retlaw,  Turin  and  Taber 
North  fields).  The  shape  and  distribution  of  these  fields  suggested  a 
fluvial  origin  for  the  reservoirs.  Well  density  and  distribution  was 
sufficient  to  enable  detailed  lithologic  analysis. 
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B.  PREVIOUS  WORK 


A  chronological  review  of  publications  on  the  Mannville  Group  and 
its  equivalents  in  Alberta,  from  McLearn's  (1932,  1944)  initial  attempts 
at  a  regional  correlation  of  the  Lower  Cretaceous,  to  the  definitive, 
localized,  sedimentological  studies  of  the  1 960 ' s ,  is  given  in  Acham 
(1971).  Supplemental  to  this  is  Mellon's  (1967)  geographic  subdivision 
of  previous  work,  and  a  listing  of  important  paleontological  and  sedi¬ 
mentological  studies.  The  Lower  Cretaceous  correlations  of  Rudkin 
(1964)  for  western  Canada  and  north  central  United  States  remain  gener¬ 
ally  accepted  to  this  date. 

The  Mannville  Group  and  its  equivalents  in  southwestern  Saskatchewan 
were  described  by  Maycock  (1967)  and  Christopher  (1975),  and  in  south¬ 
eastern  Saskatchewan  by  Price  (1963).  Stelck  (1975)  discussed  basement 
control  of  Cretaceous  sand  sequences  in  western  Canada. 

Correlations  between  Cretaceous  formations  of  Montana  and  sequences 
in  the  western  interior  of  the  United  States  were  presented  by  Cobban 
and  Reeside  (1952)  and  Gill  and  Cobban  (1966),  and  a  synthesis  of  the 
Cretaceous  of  central  western  United  States  was  given  by  McGookey  (1972). 
A  recent  attempt  at  reconstructing  the  Cretaceous  pal aeogeography  of 
North  America  was  made  by  Williams  and  Stelck  (1975). 

The  Jurassic  succession  in  Alberta  and  Saskatchewan  was  described 
by  Weir  (1954),  Milner  and  Thomas  (1954),  Thompson  and  Crockford  (1958) 
and  Milner  and  Blakslee  (1958).  An  overview  and  collation  of  previous 
work  occurs  in  Springer  et  aj_.  (1964).  Peterson  (1972)  described  the 
Jurassic  of  Montana  and  its  correlatives  in  the  central  western  United 
States.  The  Mississippi  stratigraphy  of  western  Canada  is  presented 
in  Macauley  et  al_.  (1964),  and  in  Craig  (1972)  for  Montana. 
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Petroleum  occurrences  in  the  Lower  Cretaceous  of  southern  Alberta 
are  documented  in  White  (1960),  Century  (1966),  and  Larson  (1969). 

Berry  (1974)  described  the  geology  and  development  of  the  Grand  Forks 
oil  field,  15  miles  (25  kilometres)  east  of  the  Turin  area  which  pro¬ 
duces  from  sandstones  of  the  Mannville  Group.  The  petroleum  geology  of 
the  Alberta  portion  of  the  Sweetgrass  arch  is  discussed  in  Herbaly 
(1974),  and  Cox  (1966)  described  Jurassic  and  Cretaceous  stratigraphic 
traps  associated  with  the  structure. 

The  composition,  form,  and  depositional  environments  of  fluvial 
sandstone  bodies  were  described  by  Allen  (1965),  Potter  (1967),  Visher 
(1972)  and  Schumm  (1972). 

Computer  application  to  geology  during  the  decade  following  the 
pioneering  work  of  the  late  1 950 ’ s  was  briefly  outlined  by  Krumbein 
(1969).  Krumbein's  (1956)  study  into  the  separation  of  regional  and 
local  components  in  facies  maps  was  the  forerunner  to  his  use  of  trend 
surface  analysis  of  contour  maps  (Krumbein,  1959).  Merriam  and  Harbaugh 
(1963)  applied  trend  surface  analysis  to  structural  data  in  several 
areas  of  the  central  United  States,  and  showed  the  relationship  between 
trend  anomalies  and  the  distribution  of  oil  and  gas  fields.  Whitten 
(1969)  described  the  use  of  computers  in  handling  directional  variables 
measured  in  structural  geology. 

Statistical  analysis  of  data  and  computer  modelling  of  sedimentary 
and  stratigraphic  features  were  discussed  by  Harbaugh  and  Bonham-Carter 
(1970).  Davis  (1973)  contains  useful  sections  on  contouring  and  trend 
surface  analysis,  and  Chayes  (1970)  discussed  the  significance  of  higher 
order  trend  surfaces. 
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Robinson  et  al.  (1969)  used  spatial  filtering  to  analyse  strati¬ 
graphic  horizons  in  southeastern  Alberta,  and  defined  structural  trends 
in  the  Turin  area  similar  to  those  mapped  by  trend  surface  analysis  in 
the  present  study.  A  comparable  investigation  to  that  of  the  author 
was  conducted  by  Wermund  and  Jenkins  (1970),  in  which  trend  surface 
analysis  was  used  to  recognize  deltaic  sand  bodies  in  the  Upper  Penn¬ 
sylvanian  of  north  central  Texas. 
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Chapter  II 
METHOD  OF  STUDY 


A.  COMPILATION  OF  GEOLOGIC  DATA 

Strat i graphic  correlations  were  established  between  the  base  of  the 
Fish  Scale  Sandstone  and  top  of  the  Mississippian,  using  IES,  gamma- 
sonic  and  density  legs  from  one  well  in  each  of  the  thirty  townships  in 
the  study  area.  The  tops  of  the  Upper  Mannville  Group,  Lower  Mar.nville 
Group,  Jurassic  and  Mississippian  were  then  picked  in  302  wells.  Eleva¬ 
tions  relative  to  mean  sea  level  were  used  in  the  generation  of  computer- 
contoured  structure  and  isopach  maps.  Trend  surface  analysis  was  applied 
to  the  top  and  base  of  the  Mannville  Group  to  separate  anomalous  struc¬ 
tural  and  depositional  features  from  regional  trends.  These  maps  formed 
the  basis  for  determining  the  degree  of  structural  control  on  the  distri¬ 
bution  of  sandstone  in  the  Mannville  Group. 

For  mapping  purposes  the  Upper  Mannville  Group  was  proportionately 
subdivided  into  nine  slices,  each  approximately  fifty  feet  (fifteen 
metres)  thick,  and  the  Lower  Mannvil le  Group  into  slices  of  constant 
thickness  (fifty  feet),  the  total  number  of  slices  depending  on  the 
total  isopach  of  the  group.  Sandstone  thickness  in  each  slice  was 
picked  from  gamma  logs.  The  gamma  radiation  response  of  sandstone 
ranges  from  35  to  160+  API  units,  depending  upon  clay  content  (Wood 
et_  aj_. ,  1974),  with  an  "average"  response  of  85  API  units.  In  this 
study,  a  60  API  unit  cutoff  was  used  to  indicate  clean  fluvial  sands 
within  the  Mannville  sequence. 
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Computer-contoured  sandstone  percentage  maps  were  produced  for  each 
slice,  and  stacking  of  these  maps  showed  the  changing  depositions!  pat¬ 
tern  during  Mannville  time.  Trend  surface  analysis  of  the  sand  i sol i th 
maps  was  used  to  separate  regional  sand  distribution  from  anomalously 
thick  accumulations,  and  thereby  to  enhance  the  outline  of  individual 
sandstone  bodies.  Changes  in  the  influx  of  sand  during  deposition  were 
ascertained  by  calculating  the  volume  of  sandstone  per  unit  of  thickness 
in  each  slice,  and  these  data  were  used  to  make  inferences  regarding 
erosion  of  the  source  area  and  regional  sedimentation. 

Petroleum  occurrences  in  the  Turin  area  were  plotted  according  to 
type  and  stratigraphic  position,  and  comparison  of  these  plots  with  the 
lithologic  and  structural  maps  led  to  the  formulation  of  an  hypothesis 
regarding  the  entrapment  of  petroleum  in  the  Mannville  Group. 

B.  COMPUTER  TECHNIQUES 
1.  Griddlnq  and  Contouring 

Uniformity  of  distribution  and  the  density  of  data  points  determine 
the  reliability  of  contour  maps.  The  type  of  distribution  of  wells  in 
the  Turin  area  was  checked  according  to  the  procedure  of  Davis  (1373, 
pp.  301-307)—  a  chi-square  method  to  test  for  uniformity  and  a  Poisson 
distribution  to  test  for  randomness.  A  uniform  distribution  of  points 
is  one  in  which  the  density  of  points  in  one  subarea  is  equal  to  the 
density  of  points  in  another  of  the  same  size.  Such  a  distribution  may 
be  random  (where  any  subarea  is  as  likely  to  receive  a  point  as  any 
other  subarea,  with  the  placement  of  a  point  having  no  influence  on  the 
position  of  any  other)  or  regular  (where  points  occur  at  the  nodes  of  a 
grid).  A  minimum  of  five  data  points  in  each  subarea  were  required  for 
the  chi-square  method  used  to  be  valid. 
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The  Turin  area  was  divided  into  30  subareas  of  equal  size,  with  the 
expected  number  of  data  points  (wells)  in  each  subarea  being: 


£  =  total  number  of  data  points  „  302  _  ,n 
number  of  subareas  ~  30 

A  chi-square  test  of  goodness-of-fit  of  the  expected  (uniform)  distribu¬ 
tion  to  the  observed  distribution  is  given  by: 


x2 


where  0  is  the  observed  number  of  data  points  in  a  subarea.  The  test 
has  (m-2)  degrees  of  freedom,  where  m  is  the  number  of  subareas.  The 
computed  chi-square  value  exceeded  the  critical  value  of  chi-square  at 
the  5%  significance  level  and  so  the  data  were  not  uniformly  distributed. 

The  non-random  distribution  of  points  in  the  Turin  area  was  verified 
by  the  Poisson  distribution  test.  For  n  points  to  be  randomly  distributed 
within  an  area  consisting  of  m  subareas  of  equal  size,  the  probability, 

Pr,  that  r  points  will  fall  into  a  subarea  is: 


-V 


Pr-Sjf 


where -v- is  the  expected  number  of  points  per  subarea  and  e  is  the  base 
of  natural  logarithms.  The  expected  number  of  subareas  that  contain  r 
points  is: 
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t(r)  -  Pr«m 

The  expected  number  of  subareas  that  contained  from  zero  to  the  maximum 
number  of  points  in  any  subarea  was  calculated,  and  the  observed  number 
of  subareas  containing  r  points  was  determined.  The  observed  and  ex¬ 
pected  values  were  compared  by  a  chi-square  test,  and  the  computed  chi- 
square  value  was  found  to  exceed  the  critical  value  of  chi-square  at 
the  5%  significance  level. 

The  high  density  of  wells  at  producing  fields  resulted  in  an  over¬ 
all  distribution  intermediate  between  random  and  clustered.  Because 
clustered  data  exert  greater  influence  on  contouring  programs  than  those 
that  are  widely  spaced,  a  gridding  routine  was  used  to  produce  a  regular 
distribution  of  data  points.  The  University  of  Alberta  Computing  Ser¬ 
vices'  gridding  program  CGRID1  and  contouring  program  CONTUR  were  used 
in  the  generation  of  structure  and  isopach  maps.  CGRID1  computes  data 
values  at  the  nodes  of  a  grid  superimposed  on  Z  scattered  points,  and 
uses  either  Laplacian  or  Spline  interpolation  or  varying  degrees  of  both, 
depending  on  the  value  of  C  in  the  equation: 

[D2X  +  D2Y  -  C(D4X  +  D4Y)]Z  =  0 
(D  =  delta) 

If  C  =  0.0,  Laplacian  interpolation  takes  place,  and  the  computed  surface 
has  sharp  peaks  and  dips  at  the  data  points,  with  no  chance  of  spurious 
peaks  occurring  in  areas  devoid  of  data  (Fox,  1962).  By  increasing  C, 
Spline  interpolation  predominates  over  Laplacian  and  the  surface  passes 
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more  smoothly  through  the  data  points;  however,  the  possibility  of  spur¬ 
ious  peaks  ar.d  steep  extrapolation  in  areas  lacking  data  increase.  A 
value  of  C  =  5.0  was  used  in  the  present  study. 

In  performing  the  interpolation,  the  program  initially  moved  data 
points  to  the  nearest  grid  points,  and  then  shifted  them  back  to  their 
proper  positions  as  the  shape  of  the  surface  became  evident.  Values 
were  computed  at  the  nodes  of  a  40  x  34  grid,  thereby  producing  a  grid 
cell  to  data  point  ratio  of  5:1,  with  each  grid  cell  approximately 
equivalent  in  size  to  one  township  section.  Reducing  the  grid  cell  size 
produced  a  smoother,  more  aesthetically  pleasing  contour  map;  however, 
such  a  reduction  increased  the  number  of  gridded  values  to  be  calculated 
and  hence  the  cost  of  the  operation.  Isopach  map  grids  were  created  by 
subtracting  the  gridded  elevations  of  the  intervals'  upper  and  lower 
structural  surfaces. 

The  contouring  method  used  in  CONTUR  is  a  modified  version  of  the 
one  described  by  Dayhoff  (1963).  The  program  interpolates  between  the 
gridded  data  points  since  a  required  contour  line  will  usually  not  pass 
through  the  corners  of  the  grid  cells.  All  grid  cells  are  searched  for 
each  contour  value  required  and  the  points  of  intersection  with  the  grid 
are  written  on  a  scratch  file  prior  to  contouring. 

2.  Trend  Surface  Analysis 

The  structural  configuration  of  a  stratigraphic  horizon  may  be 
thought  of  in  terms  of  a  regional  component,  such  as  the  depositional 
or  structural  dip  within  a  sedimentary  basin,  and  a  local  component 
caused  by  subsequent  phases  of  deformation  or  localized  sedimentologic 
variations  (Krumbein,  1956).  Similarly,  a  regionally  distributed 
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lithologic  facies  may  show  local  thickness  or  compositional  variations 
which  are  distinguishable  from,  or  superimposed  upon,  the  regional  trend 
Trend  surface  analysis  was  used  to  separate  local  and  regional  elements 
in  structural  and  lithologic  data  in  the  Turin  area.  This  method,  de¬ 
scribed  by  Krumbein  (1959),  Merriam  and  Harbaugh  (1963)  and  Whitten 
(1969),  involves  the  simulation  of  the  regional  trend  by  fitting  a  poly¬ 
nomial  surface  to  the  data.  A  first  order  polynomial  fit  is  a  plane, 
and  the  complexity  of  the  surface  increases  with  increasing  order.  The 
observed  value  at  each  data  point  is  expressed  in  terms  of  its  predicted 
value  (on  the  surface)  and  an  error  component.  Points  lying  above  the 
predicted  surface  are  considered  positive  residuals  and  those  below  neg¬ 
ative.  A  best  fit  of  the  surface  to  the  data  is  achieved  using  the 
least  squares  method,  that  is,  the  sum  of  the  squares  of  the  residuals 
is  a  minimum. 

Trend  surfaces  are  expressed  algebraically  as: 

n  n 

z  =  c0  +  21  (cixi  +  cj+py1 )  +  21  ( c2n+ixn“V)-  c3nxy 
i=l  i=l 

where  x  and  y  are  the  map  coordinates,  z  is  the  mapping  parameter  (e.g., 
structural  elevation),  n  is  the  order  of  the  surface  fitted,  and  i  = 

0,  1,  2,  ...»  n  (modified  after  Wermund  and  Jenkins  (1970,  p.  260)). 

Once  the  coefficients  c,  that  satisfy  the  least  squares  criterion 
for  the  specified  order  of  polynomial,  are  determined,  the  predicted 
values  of  z  can  be  calculated.  The  error  term  or  residual  equals  the 
difference  between  the  predicted  and  observed  values.  For  the  purpose 
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of  contouring  the  trend  surface  and  the  residuals*  a  gridding  routine 
was  applied  to  ensure  regular  data  distribution.  As  the  grid  cell  size 
approximated  that  of  one  township  section,  residuals  smaller  than  this 
could  not  be  resolved. 

First  to  eighth  order  surfaces  were  calculated  for  each  set  of  data, 
and  plots  were  generated  for  surfaces  showing  high  statistical  fit  (in¬ 
dicated  by  the  percent  sum  of  squares  accounted  for)  and  good  separation 
of  regional  and  local  components.  A  shortcoming  of  trend  surface  analy¬ 
sis  was  the  subjectivity  involved  in  deciding  which  order  of  polynomial 
gave  the  best  resolution  of  meaningful  anomalies.  For  progressively 
higher  order  polynomials,  goodness  of  fit  increased,  resulting  in  pro¬ 
gressively  smaller  deviations  of  the  observed  surface  from  the  fitted 
surface.  For  the  structural  data,  the  observed  surfaces  so  closely 
corresponded  to  the  fifth  to  eighth  order  predicted  surfaces,  that  few 
residuals  existed,  and  the  purpose  of  the  exercise  was  defeated.  The 
significance  of  progressively  higher  order  surfaces  was  discussed  by 
Chayes  (1970),  with  reference  to  petrographic  data. 

Merriam  and  Harbaugh  (1963)  fitted  trend  surfaces  of  varying  order 
to  structural  data  from  sedimentary  basins  of  the  central  United  States. 
Residuals  were  shown  to  correspond  to  areas  of  known  petroleum  occur¬ 
rence;  however,  the  trend  surface  chosen  was  done  so  by  direct  comparison 
of  the  various  residual  maps  with  the  petroleum  distribution  plots,  and 
not  according  to  whether  it  showed  the  best  statistical  fit  to  the  data. 
Without  subjectively  determining  which  order  of  surface  produces  the 
most  meaningful  anomalies  for  a  given  area,  the  residuals  alone  are  of 
limited  interpretative  value. 
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For  the  uniformly  dipping  structural  surfaces  of  the  Turin  area, 
second  order  polynomials  were  used  (with  94 %  sum  of  squares  accounted 
for)  to  enhance  local  topographic  variations  and  hence  determine  the 
position  of  channels  within  the  surfaces.  Sand  percentage  data  did  not 
exhibit  a  regional  distribution  to  which  a  valid  mathematical  surface 
could  be  applied  (15%  sum  of  squares  accounted  for  with  eighth  order 
surfaces).  Positive  residuals  (which  corresponded  to  thick  sand  accumu¬ 
lations)  resembled  the  raw  data  plot  of  sand  distribution;  however,  the 
use  of  fourth  order  surfaces  (with  13%  sum  of  squares  accounted  for)  led 
to  a  more  accurate  interpretation  of  the  position  of  the  distributaries 
in  which  most  of  the  sand  was  deposited. 


Chapter  III 
REGIONAL  GEOLOGY 

The  Turin  area  lies  in  the  southwestern  part  of  the  western  Canada 
sedimentary  basin,  a  northwesterly-trending  Phanerozoic  feature,  flanked 
to  the  northeast  by  the  Precambrian  Canadian  Shield  (Fig.  3).  The  west¬ 
ern  margin  is  structural,  and  corresponds  to  the  eastern  edge  of  the 
Cordillera.  The  Palaeozoic  and  Mesozoic  depositional  basin  extended 
farther  west,  but  was  subject  to  severe  deformation  during  Mesozoic  and 
Tertiary  orogenies.  Sediments  thicken  towards  the  Cordillera  and  attain 
a  maximum  thickness  of  approximately  16,000  feet  (4,900  metres). 

The  Precambrian  basement  extends  beneath  the  sedimentary  cover  and 
has  had  a  profound  effect  upon  the  distribution  and  type  of  overlying 
sediments.  Burwash  et  aj_.  (1964,  p.  14)  stated  that  "...  since  the  be¬ 
ginning  of  Palaeozoic  time,  movements  in  the  basement  have  been  epeiro- 
genic,  with  localized  vertical  displacements  subordinate  to  broad  re¬ 
gional  arching  and  subsidence’1.  The  arches  are  thought  by  Burwash  and 
Krupicka  (1969,  1970),  Burwash  et  al . ^  (1973)  to  be  the  loci  of  potassium 
metasomatism  of  basement  gneisses.  The  associated  decrease  in  specific 
gravity  has  caused  regional,  periodic,  isostatic  readjustments  to  occur, 
forming  a  number  of  depositional  sub-basins  between  the  arches. 

The  Peace  River  arch  forms  the  northern  limit,  and  the  West  Alberta 
arch  the  western  limit  of  the  West  Alberta  basin  (Stelck,  1975).  In  the 
southern  part  of  the  basin,  the  Sweetgrass  arch  extends  northwards  from 
Montana,  across  southeastern  Alberta  and  meets  the  southward-plunging 
North  Battleford  arch  extending  from  the  Shield.  This  composite  feature 
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separates 


the  West  Alberta  basin 


from  the  Will  is  tori  basin  of  Saskatchewan 


and  Montana. 

A  summary  of  the  depositional  history  of  the  western  Canada  sedi¬ 
mentary  basin  was  given  by  Webb  (1964).  Early  Palaeozoic  deposition  was 
confined  to  the  Cordilleran  miogeosyncl ine  along  the  subsiding  western 
margin  of  the  craton.  Periodic  transgressions  of  the  craton,  followed 
by  epeirogenic  uplift  and  erosion,  occurred  during  middle  Cambrian  to 
late  Jurassic  time.  Cra tonic  sediments  were  predominantly  shallow  ma¬ 
rine,  and  their  eroded  subcrop  edges  iri  Alberta  subparallel  the  margin 
of  the  Shield. 

Carbonate,  evaporite  and  clastic  sequences  were  deposited  over  the 
Williston  basin,  western  plains  and  Rocky  Mountain  region  during  the 
Devonian  and  Mississippian.  Regional  uplift  occurred  in  the  Pennsylvanian, 
and  Middle  Palaeozoic  formations  were  erosionally  truncated  in  a  north¬ 
easterly  direction  (Webb,  1964).  The  interior  cratonic  region  remained 
uplifted  during  the  Permian  and  Triassic  while  miogeosyncl inal  sedimen¬ 
tation  occurred  along  the  craton 's  western  margin. 

Thin  Jurassic  marine  shelf  deposits  occur  over  the  western  plains 
and  thicken  westwards,  grading  to  deep  water  shales  in  the  eastern  Cordil¬ 
leran  region  (Springer  et  al_. ,  1964).  Marine  transgressions  extended  into 
the  West  Alberta  basin  from  the  west  and  south,  resulting  in  the  accumula¬ 
tion  of  shales  and  localized  beach  sands.  Red  beds  were  initially  depos¬ 
ited  in  the  Williston  basin,  followed  by  a  shallow  marine  sequence  in  the 
middle  Jurassic.  Epeirogenic  uplift  and  withdrawal  of  the  sea  in  the 
late  Jurassic  is  marked  by  a  basinwide  depositional  hiatus. 
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Cretaceous  beds  overlie  eroded  Jurassic,  Mississippian  and  Devonian 
strata  with  slight  angular  unconformi ty ,  overlapping  progressively  older 
beds  in  a  northeasterly  direction  across  the  western  plains  (Rudkin, 
1964).  Incursions  of  the  northern  Boreal  Sea  and  the  southern  Gulfian 
Sea  onto  the  central  North  American  continent  occurred  during  the  Lower 
Cretaceous  (Williams  and  Stelck,  1975),  and  coalesced  in  the  late  Early 
Cretaceous  to  form  a  continuous  seaway.  The  source  of  elastics  was 
mainly  from  the  central  Cordilleran  region,  where  granitic  intrusion  and 
vulcanism  occurred  throughout  the  Cretaceous.  Upper  Cretaceous  rocks  of 
the  plains  and  Rocky  Mountain  foothills  are  mainly  marine  shales  at  the 
base,  and  become  sandy  and  continental  upwards  (Williams  and  Burk,  1964). 

Tertiary  sedimentation  in  the  western  Canada  sedimentary  basin  was 
continental.  Uplift  and  deformation  of  the  Rocky  Mountains  culminated  in 
the  Eocene  (Taylor  et  al . ,  1964),  following  which  the  mountains  and  the 
region  to  the  east  underwent  intense  erosion,  and  coarse  fluvial  sands 
and  gravels  were  deposited  over  the  western  plains.  The  western  basin 
remained  uplifted  during  the  Quaternary  and  was  the  site  of  Pleistocene 
glaciation . 


* 


'  ' 


Chapter  IV 

GEOLOGY  OF  THE  MANNVILLE  GROUP 


The  Mannville  Group  represents  the  initial  Cretaceous  sedimentation 
on  an  uplifted  erosional  surface  of  Devonian,  Carboniferous  and  Jurassic 
strata  in  the  central  and  southern  plains  of  the  western  Canada  sedimen¬ 
tary  basin.  Deposition  commenced  in  the  Aptian  and  continued  until 
early  Late  Albian,  at  which  time  the  northern  Boreal  ocean  and  the  Gulfian 
sea  in  the  south  coalesced,  resulting  in  widespread  deposition  of  Colorado 
Group  marine  sediments  (Williams  and  Stelck,  1975). 

Nauss  (1945)  named  the  Mannville  Formation  in  the  Vermilion  area  of 
east-central  Alberta,  and  correlated  it  with  the  McMurray,  Clearwater 
and  Grand  Rapids  Formations  of  the  lower  Athabasca  River.  The  unit  was 
raised  to  group  status  by  Badgley  (1952),  and  subdivided  by  Glaister 
(1959)  into  two  parts,  with  the  boundary  placed  at  the  top  of  the  Ostra- 
code  Zone  of  Loranger  (1951).  The  Lower  Mannville  Group  of  central 
Alberta  was  defined  by  Williams  (1963)  as  being  equivalent  to  the  Mc¬ 
Murray  Formation,  comprising  a  basal  Devil le  Member  or  "Detrital  Zone" 
which  was  mainly  restricted  to  topographic  lows  on  the  sub-Mannvi lie 
surface;  the  Ellers! ie  Member  or  "Basal  Quartz",  a  thick  quartz  sand¬ 
stone  and  siltstone  unit;  and  an  upper  "Calcareous"  Member  or  "Ostracode 
Zone".  Williams  (1963)  also  divided  the  Upper  Mannville  Group  into  a 
basal  Clearwater  Formation  (containing  the  Glauconitic  Sandstone  or 
Wabiskaw  Member),  and  an  upper  Grand  Rapids  Formation.  These  formations 
overlie  the  McMurray  Formation  in  the  lower  Athabasca  River  area.  The 
Clearwater  Formation  was  deposited  during  a  southerly  transgression  of 
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the  Boreal  sea.  It  grades  laterally  end  vertically  into  the  continental 
Grand  Rapids  Formation.  The  contact  between  the  two  is  diachronous. 
Mellon  (1967)  did  not  consider  the  lithologies  of  the  two  formations 
sufficiently  diverse  in  central  Alberta,  and  renamed  the  correlative 
sequence  the  Fort  Augustus  Formation.  At  the  end  of  Mann vi lie  time,  the 
Clearwater  sea  retreated  northwards  and  established  a  strand  line  on  the 
northern  side  of  the  Peace  River  arch. 

North  American  palaeogeography  prior  to  Mannville  deposition,  and 
during  early  Upper  Mannville  time  is  shown  in  Figures  4  and  5  (after 
Williams  and  Stelck,  1975). 

Lower  Cretaceous  strata  thicken  westward,  and  are  called  the  Blair- 
more  Group  in  the  Alberta  foothills  (Fig.  6).  Sedimentation  in  this  area 
predated  that  in  the  plains,  with  deposition  of  the  Cadomin  Formation,  a 
conglomerate  averaging  ten  feet  in  thickness.  The  Blairmore  Group  in  the 
southern  foothills  was  divided  by  Mellon  and  Wall  (1963)  and  Mellon  (1967) 
into  three  units,  the  lower  two  of  which  were  equivalent  to  the  Mannville 
Group  and  an  upper  unit  equivalent  to  the  Bow  Island  Formation  of  the 
Colorado  Group. 

The  Gladstone  Formation  (Mellon,  1967)  constitutes  the  lower  Blair¬ 
more  Group,  and  consists  of  a  basal  conglomerate,  equivalent  to  the 
Cadomin  Formation  in  the  north,  a  middle  sequence  of  siltstone,  shale 
and  fine  sandstone,  and  an  upper  "Calcareous"  member  of  silty  freshwater 
limestone  and  calcareous  shale.  The  formation  is  correlated  with  the 
Lower  Mannville  Group. 

Mellon  (1967)  proposed  the  name  Beaver  Mines  Formation  for  the 
middle  Blairmore  Group,  and  correlated  it  with  the  Upper  Mannville  of 


. •  t  KV-  *  /(’•■  ’  Tl  •*** 


1  " 

NEOCOMIAN  ( PRE-MANN  VI LLE)  PALAEOGEOGRAPHY 
After  Williams  and  Stelck(!975) 


FIGURE  4 
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EARLY  UPPER  MANNVILLE  PAL AEOGEOGRAPHY 

After  Williams  and  Stielck  (!  975) 


FIGURE  5 
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the  plains.  It  consists  of  a  lower  shaly  unit  and  an  upper  sandy  sec¬ 
tion,  and  is  conformable  with  the  underlying  Gladstone  Formation.  The 
succession  is  continental,  and  represents  sedimentation  on  a  western 
landmass  during  the  transgression  and  regression  of  the  Clearwater  sea. 

A  widespread  depositional  hiatus  occurred  within  the  western  Canada 
sedimentary  basin  following  the  regression  of  the  Clearwater  sea.  Sub¬ 
sequent  inundation  of  the  basin  bv  the  southern  and  northern  seas  re- 
suited  in  the  deposition  of  the  marine  Colorado  Group  sediments.  The 
Rocky  Mountain  foothills  area  initially  remained  the  site  of  continental 
sedimentation,  but  was  gradually  onlapped  by  the  Colorado  sea.  The  Mill 
Creek  Formation  constitutes  the  continental  Upper  Blairmore  sequence  of 
the  foothills.  It  consists  mainly  of  argillites  and  thin  interbeds  of 
quartzose  sandstone,  in  contrast  to  the  feldspathic  sandstones  of  the 
Beaver  Mines  Formation.  Tuff  beds  and  bentonite  partings  occur  in  the 
upper  300  feet  of  the  Mill  Creek  Formation.  In  the  southernmost  area, 
the  formation  is  overlain  by,  and  possibly  correlative  in  part  with, 
the  Crowsnest  Volcanics.  The  Upper  Blairmore  Group  of  the  foothills 
interfingers  eastwards  with  the  Bow  Island  Formation  of  the  plains. 

During  latest  Lower  Cretaceous  time,  the  foothills  area  was  Finally 
transgressed  by  the  Colorado  sea  and  the  Blairmore  Group  was  overlain 
by  shales  of  the  Blackstone  Formation,  in  part  equivalent  to  the  Upper 
Colorado  Group. 

The  composition  and  depositional  history  of  the  Mannville  Group  in 
southern  Saskatchewan  has  been  recently  revised  by  Christopher  (1975). 
This  area  lay  to  the  east  of  the  Sweetgrass-North  Battleford  Arch,  the 
drainage  system  of  which  initially  flowed  southward  through  the  Willi ston 
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basin.  Christopher  (1975)  showed  a  threefold  subdivision  of  the  group. 
The  lowest  unit  is  the  Success  Formation,  a  quartz  sandstone  succession 
of  possible  Neocomian  age,  equivalent  to  the  Devi  lie  and  part  of  the 
Ellerslie  Members  of  the  Lower  Mannville  Group  of  central  Alberta.  The 
Success  Formation  is  divisible  into  two  depositional  units,  resulting 
from  two  phases  of  uplift  and  erosion  of  the  Shield  source  area.  The 
basal  coarse  textured  unit  with  interbedded  mudstones  and  siltstones 
occurs  in  the  deeper  channels  and  is  overlain  by  channel  sandstones 
which  were  the  products  of  meandering  streams  which  periodically  under¬ 
went  braiding. 

Uplift  of  the  Swift  Current  region  to  the  south  resulted  in  the 
termination  of  Success  sedimentation  and  a  change  in  the  direction  of 
streams  towards  the  west-northwest,  to  join  the  Mannville  drainage  pat¬ 
tern  of  Alberta.  The  Cantuar  Formation  (equivalent  to  the  Upper  Mann- 
ville  Group)  was  deposited  at  this  time,  with  early  Cantuar  streams 
channelling  through  the  Success  Formation  into  the  underlying  Devonian 
and  Mississippi  an  strata  in  some  areas.  The  McCloud  Member  represents 
these  initial  deposits.  The  overlying  Dimmock  Creek  Member  was  depos¬ 
ited  under  swampy,  estuarine  and  marine  conditions  during  the  southern 
transgression  of  the  Boreal  sea  (Clearwater  time).  Christopher  (1975) 
stated  that  the  sea  extended  into  the  Dakotas,  apparently  conflicting 
with  Williams  and  Stelck  (1975)  who  showed  the  southeastern  extent  of 
the  Clearwater  sea  limited  by  the  North  Battleford  arch.  Christopher's 
Dimmock  Creek  Member  may  represent  a  subsequent  transgression  across 
Saskatchewan  as  the  North  Battleford  arch  ceased  to  act  as  a  barrier. 

During  the  final  phase  of  Upper  Mannville  deposition  (Atlas  Member 
of  the  Cantuar  Formation),  southern  Saskatchewan  was  a  low-relief  plain. 
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and  the  site  of  predominantly  argillaceous  deposition  with  periodic 
influxes  of  sand  from  the  rising  Rocky  Mountain  region.  The  Pense 
Formation  was  deposited  during  the  inundation  of  the  Colorado  sea, 
which  brought  Mannville  continental  sedimentation  to  an  end.  Chris¬ 
topher  (1975)  has  chosen  to  include  this  lower  Colorado  Group  equiva¬ 
lent  within  the  Mannville  Group. 

In  Montana,  the  Kootenai  Group  is  equivalent  to  the  Mannville 

Group,  with  the  Lakota  Formation  correlative  with  the  Lower  Mannville 
and  the  Fuson  Formation  and  Fall  River  Sandstone  with  the  Upper  Mann¬ 
ville  Group  (Rudkin,  1964).  The  Lower  Kootenai  Group  is  divisible  into 
a  lower  Cutbank  Sandstone,  an  overlying  Sunburst  Sandstone,  and  an  upper 
shale,  equivalent  to  the  Ostracode  Zone.  The  Cutbank  Sandstone  is  about 
50  feet  thick  and  thins  northwards  into  Alberta.  It  consists  of  coarse 
sandstones  and  conglomerates  and  is  depositionally  continuous  with  the 
Sunburst  Sandstone.  It  is  either  absent,  or  indistinguishable  from  the 
Sunburst  Sandstone  over  most  of  southern  Alberta.  Its  upper  part  is 
equivalent  to  the  Deville  and  Ellers! ie  Members  of  central  Alberta, 
while  the  lower  conglomerate  is  correlated  with  the  Cadomin  formation 
of  the  foothills.  The  Sunburst  Sandstone  consists  of  medium-grained 
sandstones,  becoming  finer  at  the  top,  and  grading  upwards  into  shales 
equivalent  to  the  Ostracode  Zone.  These  in  turn  are  overlain  by  fluvial 
sandstones  and  shales  of  the  Fuson  Formation  and  Fall  River  Sandstone. 

Fall  River  continental  sedimentation  was  followed  by  the  deposition  of  the 
Skull  Creek  Shale  (basal  Colorado  equivalent). 

The  southern  Alberta  plains  lie  at  the  centre  of  the  five  above- 
mentioned  areas.  Lithologically,  the  sequence  resembles  more  closely 
that  of  the  Mannville  Group  of  the  central  Alberta  plains. 
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In  the  Turin  area,  the  Lower  Mannville  is  continental,  and  consists 
of  a  lower  sandy  member  (Sunburst  Sandstone)  and  an  overlying,  thin  (ten 
to  thirty  feet),  shaly  Ostracode  Zone.  A  basal  detrital  unit  equivalent 
to  the  Devil le  Member,  or  thin  remnants  of  the  Cutbank  Sandstone,  are 
not  readily  discernible. 

Williams  and  Stelck  (1975)  show  the  southern  limit  of  the  Clearwater 
sea  at  the  latitude  of  Calgary  (Fig.  5).  This  is  substantiated  by  the 
uniformity  of  the  Upper  Mannville  section  in  the  Turin  area,  and  the  ab¬ 
sence  of  Grand  Rapids  and  Clearwater  components  on  well  logs. 

The  author  was  reluctant  to  extend  the  term  Fort  Augustus  Formation 
from  central  Alberta  into  the  southern  plains  (no  comparative  study  was 
attempted),  and  has  used  the  term  Upper  Mannville  Group  for  the  beds 
above  the  Ostracode  Zone.  A  high  resistivity  sandstone  at  the  base  of 
the  Upper  Mannville  appears  to  be  correlative  with  the  Glauconitic  Sand¬ 
stone  in  the  north,  and  is  referred  to  as  Glauconitic  Sandstone  Equiva¬ 
lent. 

The  marine  Colorado  Group  overlies  the  Mannville  in  the  southern 
plains.  A  thin  sandstone  at  the  base  is  generally  included  in  the  Basal 
Colorado  Sandstone;  however,  the  distinction  drawn  between  it  and  sand¬ 
stones  at  the  top  of  the  Mannville  Group  is  highly  subjective. 
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Chapter  V 

GEOLOGY  OF  THE  TURIN  AREA 


The  Turin  area  lies  on  the  margin  of  the  West  Alberta  basin  and  the 
Sweetgrass  arch.  As  shown  by  Herbaly  (1974),  the  arch  in  southern  Al¬ 
berta  may  be  divided  into  four  northerly-plunging  axes,  the  westernmost 
of  which,  the  Taber-Enchant  Axis,  passes  through  the  Turin  area. 

Strata  dip  gently  from  the  arch  towards  the  northwest,  having  at¬ 
tained  the  present  structural  configuration  as  a  result  of  tilting  as¬ 
sociated  with  the  Cordilleran  Laramide  orogeny.  Electric  log  correla¬ 
tions  (Figs.  7  and  8)  of  the  interval  from  the  top  of  the  Mississippian 
to  base  of  the  Upper  Cretaceous  (base  of  Fish  Scales)  illustrate  the  pre- 
Tertiary  southwesterly  dip  of  the  Mississippian  and  Jurassic  strata  and 
a  northwesterly  component  of  dip  away  from  the  Sweetgrass  arch.  The  Lower 
Cretaceous  succession  is  of  fairly  uniform  thickness  which  is  influenced 
mainly  by  pre-Cretaceous  surface  topography. 


A.  PRE-MANNVILLE  GEOLOGY 

The  top  of  the  Mississippian  (Fig.  9)  is  homed inal,  dipping  at 
approximately  0°15'  to  the  northwest.  Mississippian  sediments  were 
deposited  on  a  shallow  era tonic  shelf,  thickening  towards  the  southwest 
(Macauley  et  aJL ,  1964).  Uplift,  and  the  northeasterly  truncation  of 
the  sequence  during  Pennsylvanian  to  Traissic  time  is  evidenced  in  the 
Turin  area  by  the  subcrop  of  progressively  older  formations  towards  the 
northeast  -  from  the  Turner  Valley  and  Shunda  Formations  in  the  south¬ 
west  to  the  Pekisko  Formation  in  the  northeast. 
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I  he  Mississippian  surface  was  onlapped  by  a  southern  sea  in  Middle 
Jurassic  time.  The  Sweetgrass  arch  was  undergoing  uplift  at  this  time 
(Springer  et_  aj_. ,  1964),  and  was  the  source  of  beach  sands  (Sawtooth 
Formation)  deposited  along  its  western  margin,  including  the  Turin  area. 
The  sea  retreated  to  the  south  in  late  Middle  Jurassic  time.  The  Arch 
subsided  in  the  early  Late  Jurassic  and  was  covered  by  marine  Rierdon 
shales.  Subsequent  uplift  and  erosion  of  the  central  and  northern  plains 
area  resulted  in  the  deposition  of  marine  shales  and  sandstones  of  the 
Swift  Formation  across  southern  Alberta  and  Montana.  The  sea  again  re¬ 
treated  from  the  Turin  area  in  latest  Jurassic  time  and  erosion  of  Jur¬ 
assic  and  Mississippian  strata  continued  until  the  onset  of  Mannville 
deposi tion. 

The  Jurassic  subcrop  edge  (Fig.  10)  is  therefore  erosional,  although 
the  Jurassic  palaeogeographic  maps  of  Springer  et  al .  (1964)  show  the 
depositional  limits  to  be  approximately  coincident  with  the  erosional 
edge  mapped  in  the  Turin  area.  Rierdon  shales  constitute  most  of  the 
Jurassic  section  in  the  map  area,  with  only  scattered  remnants  of  Saw¬ 
tooth  and  Swift  Formations. 

The  Taber-Enchant  Axis  (Herbaly,  1974)  probably  extended  northwards 
through  the  Jurassic  subcrop  embayment  in  Rierdon  time  (see  Jurassic  iso- 
pach  map  -  Fig.  10).  Sediments  thicken  rapidly  to  the  southwest  and 
southeast,  while  a  more  gradual  increase  occurs  along  the  axis  to  the 
south.  Jurassic  sediments  are  restricted  to  the  southern  side  of  a 
broad,  northwest-trending  Mississippian  ridge,  indicated  on  Fig.  9. 

This  southwesterly-dipping  cuesta  dominated  the  physiography  of  the 
southwest  part  of  the  Turin  area  in  pre-  and  early  Mannville  times. 
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FIGURE  10 


The  structure  map  on  the  base  of  the  Mannville  Group  (Fig.  11)  rep 
resents  the  composite  Jurassic  and  Mississippian  surface  onto  which 
Mannville  sediments  were  deposited.  Surface  relief,  deduced  from  the 
Lower  Mannville  isopach  map  (Fig.  14),  is  of  the  order  of  175  feet  (53 
metres).  The  inferred  drainage  pattern  is  northwesterly  following  the 

a 

depositional  strike  of  the  bedding. 

Herbaly  (1974)  shows  a.  northwesterly-stri king,  sinistra  1  transcur¬ 
rent  fault  on  the  Devonian  structure  map  of  the  Sweetgrass  arch.  This 
dislocation  is  present  at  the  top  of  the  Mississippian  in  the  eastern 
Turin  area,  but  whether  structure  at  this  level  was  due  to  post-Missis- 
sippian  movement  or  control  of  Mississippian  sedimentation  by  the  under 
lying  faulted  Devonian  surface  was  not  determined. 

The  drainage  pattern  of  the  pre-Mannville  surface  was  influenced 
significantly  by  the  fault  described  above.  The  offset  Taber-Enchant 
Axis  forms  a  prominent  ridge  (here  named  the  Enchant  Ridge)  on  the 
northern  side  of  the  fault  while  a  large,  northwesterly-trending  valley 
(the  Turin  Valley)  developed  to  the  south.  The  southwestern  margin  of 
the  valley  was  formed  by  a  cuesta  of  Mississippian  limestone  overlain 
by  Jurassic  strata.  The  valley  is  11  miles  (18  kilometres)  wide  in  the 
central  Turin  area,  and  narrows  towards  the  arch  in  the  southeast.  A 
low  ridge  (the  median  Turin  Valley  Ridge)  divides  the  valley  into  two 
parallel  channels  which  coalesce  in  the  western  part  of  the  map  area. 

In  the  northeastern  corner  of  the  map  area,  north  of  the  Enchant 


Ridge,  two  northerly-directed  channels  developed,  separated  by  a  small 
ridge.  In  the  south,  a  shallow,  westerly-trending  valley  formed  at  the 
base  of  the  dip  slope  of  the  Jurassic  cuesta. 
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The  above-mentioned  topographic  features  were  enhanced  by  fitting 
a  second-order  trend  surface  to  the  structure  on  the  base  of  the  Mann- 
ville  Group  (Fig,  12).  The  trend  surface  is  a  uniform  northwesterly- 
dipping  homocline  showing  a  slight  "spoon  effect".  This  surface  ac¬ 
counted  for  94  percent  of  the  variance  in  the  original  surface. 

The  Jurassic  cuesta,  Enchant  Ridge  and  the  Taber-Enchant  Axis  are 
represented  as  positive  residuals.  Relief  on  the  Enchant  Ridge  becomes 
more  subdued  to  the  northwest,  beyond  the  limit  of  the  transcurrent 
Devonian  fault. 

3.  LOWER  MANNVILLE  GEOLOGY 

The  dip  on  top  of  the  Lower  Mann vi lie  Group  (Fig.  13)  is  similar 
to  that  on  the  pre-Mannvi 1 le  surface,  but  irregularities  are  less  pro¬ 
nounced.  The  isopach  map  of  the  Lower  Mann vi lie  strata  (Fig.  14)  re¬ 
flects  the  topographic  features  discussed  previously.  Thickest  Lower 
Mannville  sections  occur  in  pre-Mannvi 1 le  channels  and  lows,  and  isopach 
thins  overlie  topographic  highs.  Sediments  thin  towards  the  Sweetgrass 
Arch. 

It  is  assumed  that  relief  on  the  pre-Mannville  surface,  as  presently 
mapped,  was  accentuated  by  the  downcutting  of  pre-Mannville  water  courses 
by  Lower  Mannville  streams.  Unlike  the  pre-Mannville  streams,  the  rate 
of  deposition  of  Lower  Mannville  streams  exceeded  the  rate  of  erosion, 
due  to  the  abundant  sediment  supply  from  the  uplifted  Corilleran  area, 
and  preservation  of  deposits  through  regional  subsidence.  Channels  were 
progressively  filled  with  detritus. 
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sowards  the  end  of  e^> rl y  Mann vi lie  time,  the  denudation  of  Jurassic 
and  Mississi ppian  highs,  plus  the  infilling  of  channels  with  clastic  ma¬ 
terial,  had  resulted  in  the  formation  of  an  extensive  plain  across  the 
Turin  area.  Highs  were  eventually  covered  with  sediment  (25  to  50  feet 
of  Lower  Mannville  strata  occur  over  the  highest  parts  of  the  Sweetgrass 
arch  in  the  map  area),  until  little  expression  remained  of  the  pre-Mann- 
ville  topography.  Lakes  and  swamps  developed,  in  which  muds  were  depos¬ 
ited  as  a  result  of  waning  sediment  supply  from  a  maturing  western  source 
area.  These  muds  constitute  the  Ostracode  Zone  and  vary  in  thickness 
from  10  to  30  feet,  with  the  thickest  sections  occurring  above  lows  on 
the  pre-Mannville  surface.  A  thin  limestone  (two  feet)  occurs  at  the 
top  of  the  Ostracode  Zone  in  several  places. 

The  Sweetgrass  arch  remained  high,  as  evidenced  by  the  easterly 
thinning  of  the  Ostracode  Zone  towards  the  arch,  and  its  absence  from 
the  top  of  the  arch  in  the  southeastern  corner  of  the  map  area  (Fig.  7). 

A  diagrammatic  representation  of  the  changing  topography  and  depositional 
pattern  throughout  early  Mannville  time  is  shown  on  Figure  15. 

Relief  on  the  top  of  the  Lower  Mannville  Group  is  similar  to,  yet 
more  subdued  than  that  of  the  pre-Mannville  surface.  The  relief  is  a 
function  of  "remnant"  relief  from  the  pre-Mannville  (as  shown  by  the 
absence  of  the  Ostracode  Zone  on  the  Sweetgrass  arch)  and  more  impor¬ 
tantly,  differential  compaction  of  Lower  Mannville  sediments.  Minor 
variations  in  thickness  of  the  Ostracode  Zone  over  most  of  the  Turin 
area  indicate  negligible  relief  at  that  time.  A  period  of  exposure  and 
non-deposition  occurred  prior  to  the  onset  of  Upper  Mannville  sedimen¬ 
tation,  during  which  time  compaction  of  Lower  Mannville  sediments  took 
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place*  producing  a  topographic  surface  comparable  to  that  of  early  Mann 
ville  time  (as  discussed  later  in  Chapter  VII,  the  early  late  Mannville 
streams  maintained  courses  similar  to  those  of  the  early  Mannville). 

C.  UPPER  MANNVILLE  GEOLOGY 

The  structure  contour  map  on  the  top  of  the  Mannville  Group  (Fig¬ 
ure  16)  is  virtually  identical  to  that  cn  the  top  of  the  Lower  Mannvil! 
(Figure  13),  with  the  surface  dipping  at  0°15'  to  the  northwest.  A 
second  order  trend  surface  accounted  for  98  percent  of  the  variance  in 
elevations  on  the  top  of  the  Mannville.  This  surface  dips  towards  the 
northwest  (Figure  17),  with  positive  residuals  lying  above  the  Taber- 
Enchant  Axis,  the  Enchant  Ridge  and  the  Jurassic  cuesta.  Small,  scat¬ 
tered  negative  residuals  mark  the  position  of  the  Turin  Valley  and  a 
broad  depression  north  of  the  Enchant  Ridge.  The  structure  map  on  the 
top  of  the  Mannville  was  overlain  by  the  trend  surface  map  in  plotting 
the  courses  of  Upper  Mannville  streams  shown  on  Figure  17. 

The  Turin  Valley  was  wider  during  late  Mannville  time  than  it  was 
during  the  deposition  of  the  Lower  Mannville  Group.  The  position  of 
channels  is  indefinite,  suggestive  of  a  floodplain  traversed  by  braided 
and  meandering  streams.  The  high  area  to  the  northwest  of  the  Enchant 
Ridge  was  breached  by  the  northern  Turin  Valley  stream,  which  cut  a 
broad  meander  belt  across  the  northern  map  area.  The  position  of  the 
southern  Turin  Valley  stream  is  imprecise,  and  the  structural  maps 
fail  to  indicate  whether  the  stream  maintained  its  western  course,  or 
veered  towards  the  northern  valley. 
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A  fundamental  depositional  change  occurred  during  late  Mannville 
time.  The  Upper  Mannville  isopach  (Figure  18)  shows  little  resemblance 
to  that  of  the  Lower  Mannville,  as  it  thickens  uniformly  to  the  south¬ 
west,  with  depositional  trends  less  influenced  by  pre-Mannvi  1  le  topog¬ 
raphy. 

The  isopach  of  the  total  Mannville  Group  (Figure  19)  shows  a  re¬ 
gional  southwesterly  thickening,  with  areas  of  anomalously  thick  sed¬ 
iments  along  the  Turin  Valley  and  other  smaller  pre-Mannville  channels. 
Thinning  is  evident  over  the  Sweetgrass  arch  and  pre-Mannville  highs. 
Local  variations  in  thickness  are  caused  primarily  by  changes  in  thick¬ 
ness  of  the  Lower  Mannville  Group. 

D.  POST-MANNVILLE  GEOLOGY 

Continental  sedimentation  in  the  Turin  area  terminated  with  deposition 
of  marine  shales  and  interbedded  sandstone  (Bow  Island  Formation)  as¬ 
sociated  with  the  transgression  of  the  Colorado  sea  in  the  late  Early 
Albian.  A  thin  sand  occurs  locally  at  the  top  of  the  Mannville  Group, 
and  has  been  variously  identified  in  well  files  as  Basal  Colorado  Sand, 
or  included  in  the  Upper  Mannville  Group.  It  is  generally  interpreted 
(G.D.  Williams,  personal  communication)  as  a  beach  deposit  derived 
from  the  reworking  of  Upper  Mannville  sandstones  by  the  onlapping  Col¬ 
orado  sea.  Other  than  showing  a  high  resistivity  peak  on  electric 
logs,  the  sand  appears  to  differ  little  from  underlying  sandstones; 
the  interval  was  not  cored  in  the  Turin  area.  The  sand  is  usually 
less  than  three  feet  thick,  and  has  been  included  in  the  Colorado  Group 
in  the  present  study. 
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The  top  of  {.he  Lower  Cretaceous  is  marked  by  the  base  of  the  Fish 
Scale  Sandstone  above  the  Bow  Island  Formation.  Log  correlations  (Fig¬ 
ures  7  and  8)  indicate  the  uniformity  of  the  Bow  Island  Formation 
throughout  the  Turin  area.  Structural  cross  sections  drawn  parallel  to 
the  regional  dip  and  strike  (Figures  20  and  21)  along  the  same  lines  of 
section  as  Figures  7  and  8  illustrate  the  post-Cretaceous  northwesterly 
tilt  of  the  basin,  and  the  major  structural  elements. 
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CROSS  SECTION  A-B 

STRIKE  SECTION  ACROSS  THE  TURIN  AREA 


Chapter  VI 

SAND  DISTRIBUTION  IN  THE  MANNVILLE  GROUP 

A.  INTRODUCTION 

The  Upper  Mannville  Group  is  of  uniform  thickness  and  averages  460 
feet  (140  metres)  thick  in  the  Turin  area.  The  sequence  was  divided 
proportionately  into  nine  intervals,  and  the  thickness  of  sand  in  each 
interval  was  measured  from  gamma  logs.  Tne  percentage  of  sand  in  each 
interval  was  calculated  by  computer  and  contoured  sand  percentage  slice 
maps  were  generated.  Stacking  the  nine  slice  maps  produced  a  "three 
dimensional"  view  of  the  changing  distribution  and  geometry  of  sand 
bodies  within  the  Upper  Mannville  succession.  Difficulties  in  mapping 
and  establishing  stratigraphic  relations  between  manually  correlated, 
time  transgressive,  independent  sand  systems  are  largely  removed  using 
this  numerical  approach. 

The  determination  of  sand  distribution  at  any  given  time  is  sim¬ 
plified  in  the  Turin  area,  as  sediments  in  each  slice  may  be  considered 
to  be  isochronous.  The  base  and  top  of  the  Upper  Mannville  Group,  as 
well  as  a  number  of  intermediate  horizons,  are  subparallel  to  the  base 
of  the  Fish  Scale  Sandstone  (see  electric  log  correlations  -  Figures  7 
and  8)  which  delineates  the  base  of  the  Upper  Cretaceous  succession. 
Hence,  within  the  Upper  Mannville  sequence,  time  lines  and  lithostrati- 

graphic  lines  are  approximately  coincident. 

The  Lower  Mannville  Group  has  an  average  thickness  of  100  feet  (30 
metres),  but  individual  values  range  between  25  and  200  feet  (8  to  64 
metres).  The  pre-Mannvil le  surface  is  envisaged  as  consisting  of  a 
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series  of  southwesterly-dipping  Mississippian  and  Jurassic  cuestas. 

The  Lower  Mannville  isopach  (Figure  14)  indicates  that  the  elevations 
of  these  ridges  were  similar,  as  were  the  depths  of  the  intervening 
valleys.  Early  Mannville  sedimentation  was  restricted  to  the  valleys, 
and  sand  bodies  maintained  fixed  spacial  positions  throughout  Lower 
Mannville  time  (confined  by  the  valley  walls),  more  so  than  the  Upper 
Mannville  sands,  which  were  deposited  over  wide  meander  belts.  Not 
until  late  early  Mannville  time,  when  topographic  relief  was  neglig¬ 
ible,  did  deposition  occur  uniformly  across  the  Turin  area. 

Consequently  the  age  and  thickness  of  the  Lower  Mannville  section 
encountered  in  any  well  depends  upon  whether  drill  sites  were  positioned 
above  pre-Mannvi 1 le  highs  or  lows.  Proportionate  subdivision  of  the 
Lower  Mannville  Group  therefore  produces  slices  (Intervals  10  and  11) 
containing  sediments  which  bear  only  limited  depositionai  relationships, 
because  areas  of  valley  sedimentation  are  generally  older  than  those 
areas  overlying  the  pre-Mannvi 1 le  topographic  highs. 

This  problem  was  partially  circumvented  by  subdividing  the  se¬ 
quence  into  four  equal  50-foot  (15  metre)  slices  (Intervals  12  to  15). 
For  the  lower  intervals  (14  and  15),  barren  highs  of  Mississippian  and 
Jurassic  strata  occupy  a  large  part  of  the  map  area;  for  these  maps 
sand  percentage  data  were  hand  contoured,  as  no  provision  existed  in 
the  computer  programs  to  adequately  isolate  the  bald  zones  ,  and  pre¬ 
vent  them  from  influencing  the  gridding  and  contouring  of  the  sand. 

The  small,  isolated  pre-Mannville  "bedrock"  outcrops  in  the  upper 


slices  (Intervals  12  and  13)  were  overlooked,  and  sand  data  were  com¬ 
puter  contoured  to  maintain  consistency  with  the  Upper  Mannville  maps. 
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Since  the  pre-Mannville  valleys  (and  ridges)  showed  some  variation 
in  elevation  and  shape  (valleys  had  different  base  levels  and  gradients, 
and  deposition  commenced  at  different  times,  with  younger  streams  down¬ 
cutting  earlier  deposits),  the  fixed  thickness  subdivision  of  the  Lower 
Mannville  Group  did  not  produce  slices  containing  entirely  penecontem- 
poraneous  sediments.  Both  types  of  slices  are  required  to  interpret 
sand  distribution  adequately,  and  to  determine  time  equivalent  deposits. 

The  proportionate  subdivisions  of  the  Upper  Mannville  Group,  and 
both  fixed  and  proportionate  subdivisions  of  the  Lower  Mannville  Group, 
are  illustrated  diagrammatical ly  in  Figure  22.  Figure  23  is  an  example 
of  a  gamma-sonic  log  subdivided  into  intervals  for  sand  percentage  cal¬ 
culations  . 


B.  LOWER  MANNVILLE  GROUP 

Interval  15  (Figure  24)  represents  initial  Mannville  deposition  in 
the  deep  channels  of  the  Mississippian  and  Jurassic  surface.  It  occurs 
in  only  13  scattered  wells,  thereby  creating  difficulties  in  defining 
deposi tional  limits  and  contouring  the  sand  data.  Sedimentation  was 
restricted  to  three  areas  -  the  Turin  Valley,  where  in  the  south,  sands 
were  deposited  along  two  parallel  water  courses,  and  in  the  northwest, 
where  the  streams  apparently  coalesced;  a  small  westerly  depression  at 
the  base  of  the  dip  slope  of  the  Jurassic  cuesta;  and  in  a  northeasterly 
directed  valley  on  the  northern  side  of  the  Enchant  Ridge.  Sand  depo¬ 
sition  predominated  over  fine  elastics.  Log  character  at  the  base  of 
Interval  15  suggests  a  high  proportion  of  Mississippian  limestone  debris 
(Devil le  Formation  equivalent)  in  a  number  of  wells. 
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NOTE  I  VERTICAL  SCALE  DIFFERENT  IN  EACH  DIAGRAM 


DIAGRAMMATIC  SUBDIVISION  OF  THE:  MANNVILLE  GROUP 
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The  Lower  Mannville  deposit ional  pattern  is  well  defined  in  Inter¬ 
val  14  ^Figure  25).  The  Turin  Valley  was  the  site  of  thick  sand  accu¬ 
mulation.  A  narrow  ridge,  probably  of  resistant  Mississippian  limestone, 
extended  down  the  length  of  the  valley,  separating  the  two  water  courses 
which  were  apparent  on  the  map  of  Interval  15.  Small  tributaries  fed 
the  Turin  Valley  from  the  southeastern  end  of  the  Enchant  Ridge,  and 
from  the  northern  face  of  the  Jurassic  cuesta. 

As  shown  on  the  trend  surface  map  of  the  base  of  the  Mannville  Group 
(Figure  12),  the  two  Turin  Valley  distributaries  joined  in  the  western 
map  area  to  form  a  single,  broad  (6  mile  wide)  floodplain.  Valleys  on 
the  northern  side  of  the  Enchant  Ridge  and  the  southern  side  of  the 
Jurassic  cuesta  continued  to  fill  with  detritus.  The  shape  and  form  of 
these  valleys  indicate  that  the  sediments  accumulating  in  them  were 
derived  mainly  from  the  erosion  of  the  outcropping  Jurassic  formations, 
unlike  the  Turin  Valley  sediments  which  were  mainly  of  Cordilleran  ori¬ 
gin.  The  paleogeographic  maps  of  Springer  et_  aJL  (1964)  show  the  Saw¬ 
tooth  and  Swift  Formations  to  have  been  deposited  over  the  southern 
half  of  the  Turin  area.  Thin  remnants  of  the  Sawtooth  now  occur  along 
the  Jurassic  cuesta,  but  Jurassic  strata  are  absent  from  the  top  of 
Enchant  Ridge. 

As  mentioned  above,  the  computer  contoured  map  of  Interval  13 
(Figure  26)  is  somewhat  inaccurate  because  areas  of  outcropping  pre- 
Mannville  strata  could  not  be  isolated  from  areas  of  sand  deposition. 

Sand  values  were  extrapolated  to  grid  nodes  overlying  these  areas,  and 
contoured  accordingly.  The  zero  to  forty  percent  contour  interval  gen¬ 
erally  corresponds  to  regions  of  pre-Mannville  outcrop  outlined  on  the 
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Interval  14  map,  and  does  not  represent  thick  argillaceous  sequences. 

Sand  deposition  was  at  a  maximum  in  the  Turin  Valley  at  this  time.  The 
median  ridge  is  not  obvious  because  of  interpolation  of  the  high  sand 
values  between  the  two  channels.  On  the  western  Turin  Valley  flood- 
plain,  increasing  volumes  of  silt  and  clay  were  deposited.  Sand  accu¬ 
mulated  on  the  southwestern  edge  of  the  Jurassic  cuesta  and  the  northern 
side  of  the  Enchant  Ridge. 

Interval  12  (Figure  27)  is  the  uppermost  slice  of  the  Lower  Mann- 
ville  Group,  and  includes  the  regionally  deposited  shale  of  the  Ostra- 
code  Zone.  Scattered  pre-Mannvil le  outcrops  existed  during  early  In¬ 
terval  12  time  (Enchant  Ridge,  Jurassic  cuesta  and  southeastern  Taber- 
Enchant  Axis),  but  except  for  parts  of  the  Taber-Enchant  Axis,  these 
areas  were  covered  by  late  Lower  Mannvi'lle  fine-grained  elastics,  which 
were  deposited  in  the  lower  energy  environments  away  from  the  main  stream 


channels . 

The  northern  Turin  Valley  stream  was  the  main  water  course  prior 
to  the  deposition  of  the  Ostracode  Zone.  It  eroded  the  high  area  in 
the  northwest  and  established  a  straight  northwesterly  course.  Mainly 
fine-grained  sediments  were  deposited  in  the  southern  Turin  stream, 

which  continued  to  flow  westwards. 

An  irregular  belt  of  sand  occurs  in  the  southwest.  This  was  de¬ 
posited  in  a  northwes terly-f 1 owi ng  river  system  entering  the  Tut  in  area 
for  the  first  time,  from  the  southeast.  The  stream  captured  the  early 
Lower  Mannville  valley  at  the  foot  of  the  Jurassic  cuesta,  and  joined 
the  southern  Turin  valley  stream  during  Upper  Mannville  time. 
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Trend  surface  analysis  of  the  Interval  12  sand  percentage  data 
(Figure  28)  did  little  to  enhance  the  areas  of  anomalously  thick  sand 
deposition.  Thick,  clean  sand  was  deposited  along  the  pre-Mannvil le 
channels,  wnile  silts  and  clays  accumulated  in  areas  removed  from  ac¬ 
tive  stream  flow.  Sand  deposition  occurred  in  these  areas  only  during 
times  of  flooding,  and  from  the  intermittent,  minor  tributaries.  Fifty 
to  one  nundred  percent  sand  occurs  in  the  main  streams  and  zero  to 
twenty  percent  in  other  areas,  with  little  gradation  between.  Hence, 
there  was  no  regional  or  average  sand  distribution  to  which  a  mathemat¬ 
ical  surface  could  be  applied.  The  sum  of  squares  of  residuals  accounted 
for  increases  from  eight  to  fifteen  percent  for  first  to  eighth  order 


surfaces;  that  is,  no  matter  what  the  order  of  surface,  the  large  posi¬ 
tive  residuals  caused  by  the  streams  and  the  lack  of  negative  residuals 
resulting  from  the  small  areas  of  argillaceous  sedimentation  prevented 
fitting  a  statistically  valid  surface  to  the  data.  The  outline  of  pos¬ 
itive  residuals  approximates  the  twenty  percent  contour  line  of  the  sand 
percentage  map.  In  contrast  to  this  situation,  Wermund  and  Jenkins 
(1970)  were  able  to  fit  a  fourth  order  surface  to  the  sand  i sol  i th  of 
a  widespread  Pennsylvanian  delta  in  north  central  Texas,  apparently  be¬ 
cause  of  the  more  extensive  distribution  of  sand  in  such  an  environ¬ 
ment. 

Areas  of  pre-Mannvi 1 le  outcrop  are  not  included  in  slices  produced 
by  the  proportionate  subdivision  of  the  Lower  Mannville  Group  (Intervals 
11  and  10,  Figures  29  and  30),  thus  the  computer  contoured  sand  percen¬ 
tage  maps  of  these  intervals  are  free  from  the  limitations  of  the  maps 
of  Intervals  12  and  13.  In  Interval  11,  high  sand  values  occur  along 
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the  topographic  lows  on  the  pre-Mannville  surface,  and  silts  and  muds 
occur  over  the  eroded  highs.  The  course  of  the  northern  Turin  stream 
is  delineated  on  the  Interval  10  map  by  the  line  of  high  sand  values. 
Intervals  11  and  10  illustrate  the  progressive  decrease  in  the  volume 
of  sand  deposited  throughout  Lower  Mannville  time. 

C.  UPPER  MANNVILLE  GROUP 

| 

Interval  9  (Figure  31)  encompasses  most  of  the  Glauconitic  Sand¬ 
stone  Equivalent.  Differential  compaction  of  Lower  Mannville  sediments 
after  the  deposition  of  the  Ostracode  Zone  shales  produced  a  topography 
similar  to  that  which  existed  in  early  Mannville  time,  though  much  sub¬ 
dued  in  relief.  Streams  maintained  courses  comparable  to  those  of  the 
early  Mannville,  although  the  volume  of  sand  entering  the  Turin  area 
was  considerably  reduced. 

V 

The  Turin  Valley  persisted  as  the  main  area  of  sand  deposition. 
Silts  and  muds  were  deposited  over  pre-Mannville  highs  and  in  areas 
removed  from  the  main  streams.  A  northwesterly-directed  stream  channel 
overlying  the  one  cut  at  the  southern  edge  of  the  Jurassic  cuesta  in 
the  southwestern  corner  of  the  map  area  coalesced  with  the  southern 
Turin  Valley  stream  in  the  western  part  of  the  map  area,  and  increased 
sand  accumulation  occurred  at  the  junction.  A  northwesterly-trending 
stream  is  also  evident  in  the  northeastern  part  of  the  area.  The  fourth 
order  trend  surface  residual  map  of  Interval  9  (Figure  32)  clearly  shows 
the  position  of  the  four  northwesterly-flowing  streams  which  drained  the 
Turin  area  at  this  time.  The  trend  surface  accounted  for  thirteen  per¬ 
cent  of  the  variance  within  the  sand  distribution. 
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33,  34  and  o 5)  and  the  Turin  Valley  ceased  to  be  the  main  area  of  sand 
deposition.  It  formed  a  wide,  shallow  depression  in  which  approximately 
150  feet  of  silt  and  mud  were  deposited,  along  with  small,  scattered 
occurrences  of  clean  sand,  the  distribution  of  which  suggests  point  bar 
deposits  of  meandering  streams.  The  southwestern  and  northeastern 
streams  were  the  main  water  courses  at  the  time,  and  unlike  the  linear 
streams  of  Interval  9,  mid  late  Mannville  streams  show  little  structural 
constraint,  resulting  in  the  formation  of  extensive  meander  belts  over 
a  floodplain  of  low  relief. 

Interval  5  (Figure  36)  marks  a  period  of  renewed  sand  deposition. 
The  four  streams  are  still  discernible,  although  only  small  volumes  of 
sand  were  deposited  over  most  of  the  Turin  Valley.  A  thick  sand  accu¬ 
mulation  occurs  in  the  northeastern  corner  of  the  Turin  area,  but  its 
limited  areal  extent  prevents  conclusions  being  drawn  about  the  river 
in  which  it  was  deposited,  the  main  channel  of  which  apparently  lay  be¬ 
yond  the  map  area. 

The  northeast  remained  the  site  of  sand  deposition  in  Interval  4 
(Figure  37),  and  little  sand  was  deposited  elsewhere.  Two  chains  of 
low  sand  values  delineate  the  position  of  Turin  Valley  streams  at  this 
time. 


The  largest  volume  of  sand  subsequent  to  the  deposition  of  the 
Glauconitic  Sandstone  Equivalent  (Interval  9)  is  present  in  Interval  3 
(Figure  38),  with  major  accumulations  occurring  in  the  southwestern  and 
northern  regions.  Elements  of  the  northern  Turin  Valley  drainage  system 
veered  to  the  northeast  and  apparently  entered  the  northeastern  stream; 
arcuate  trends  of  high  sand  values  suggest  broad,  meandering  channels. 
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The  soutnei n  Turin  Galley  stream  maintained  a  northwesterly  course 
at  the  time  of  deposition  of  Interval  2  (Figure  39).  The  northeastern 
stream  migrated  further  into  the  Turin  area,  but  the  volume  of  sand  de¬ 
posited  in  the  channel  decreased.  The  drainage  pattern  illustrated  in 
Figure  39  is  a  composite  of  the  inferred  drainage  systems  of  Intervals 
3  and  2.  The  Turin  Valley  streams  formed  a  single,  wide  meander  belt 
which,  at  times,  coalesced  with  the  streams  in  the  northeastern  and 
southwestern  parts  of  the  map  area. 


The  final  phase  of  Mannville  deposition  is  represented  by  Interval 
1  (Figure  40).  Sand  distribution  is  remarkably  similar  to  that  of  In¬ 
terval  9,  the  initial  stage  of  Upper  Mannville  deposition.  The  Turin 
Valley  again  became  the  area  of  greatest  sand  accumulation,  especially 
within  the  southern  channel. 

Inferred  drainage  patterns  are  marked  on  the  fourth  order  trend 
surface  map  of  Interval  1  (Figure  41).  The  similarity  between  the 
drainage  interpretation  of  this  map  and  that  of  the  second  order  analy¬ 
sis  of  the  structure  on  top  of  the  Mannville  Group  (Figure  17)  is  ob¬ 
vious  . 


D.  QUANTITATIVE  ANALYSIS  OF  SAND  DEPOSITION 
The  application  of  a  gridding  program  to  interval  thicknesses  mea¬ 
sured  in  each  well  produced  a  regular  distribution  of  values  from  which 
the  average  thickness,  and  hence  volume,  of  each  slice  was  determined. 
Gridding  of  interval  sand  percentage  values  was  used  similarly  to  cal¬ 
culate  the  volume  of  sand  in  each  slice.  Volumes  of  the  Lower  Mannville 
Group  were  determined  from  Intervals  10  and  11.  Table  1  shows  thickness 
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and  volume  parameters  for  sand  intervals.  The  data  presented  in  Table  2 
were  derived  from  Table  1. 


Cu.  Yds. 

Cu.  Metres 

Vol .  Mannville  Group 

Vo! .  Upper  Mannville  Group 

Vol.  Lower  Mannville  Group 

6.51x1011 

5.36x10*1 

1 .15xl0H 

4 . 98x1  011 
4.10x1011 
0.88xl0H 

The  Upper  Mannville  constitutes  82.3%  and  the  Lower  Mann¬ 
ville  17.7%  of  the  total  volume  of  the  group. 

Vol.  sand  (Mannville  Gp.) 

Vol.  sand  (U.  Mannville  Gp.) 

Vol.  sand  (L.  Mannville  Gp.) 

11  .06xl010 
5.73x1010 
5.33x1010 

8.46x1010 

4 . 38x 1 0 1 0 

4 . 08x1 ol 0 

Seventeen  percent  of  the  Mannville  Group  consists  of  sand, 
52%  of  which  occurs  in  the  Upper  Mannville  Group  and  48% 
in  the  Lower  Mannville  Group. 

Table  2.  Volume  Parameters  for  the  Mannville  Group 


Hence,  the  Lower  Mannville  Group  contains  about  four  and  one  quarter 
times  the  volume  of  sand  per  unit  thickness  compared  with  the  Upper  Mann- 
ville  Group,  as  derived  from  [48  t  (^3  x  52)].  This  reflects  the  rapid 
rate  of  erosion  of  the  source  area  during  early  Mannville  time.  The  volume 
of  sand  deposited  in  the  Upper  Mannville  Group,  however,  would  be  greater 
than  indicated  because  of  the  marginally  higher  gamma  ray  response  of  late 
Mannville  sandstones  caused  by  high  clay  content.  A  more  mature  landscape 
and  the  associated  decrease  in  depositional  energy  of  late  Mannville  streams 
would  have  resulted  in  larger  volumes  of  clay  accumulating  within  sand  bod¬ 
ies,  compared  with  sands  deposited  during  early  Mannville  time.  The  volume 
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o 1  sdr)d  per  metre  of  interval  thickness  for  successive  intervals  is  shown 
in  Figure  4 l.  The  rate  of  decrease  in  the  volume  of  sand  deposited  is 
constant  between  the  base  of  the  Mannville  Group  and  the  top  of  the  Glauco¬ 
nitic  Sandstone  Equivalent.  This  suggests  a  constant  rate  of  erosion  of 
the  Lower  Mannville  source  area  until  Ostracode  Zone  time  (when  no  sand  was 
entering  the  Turin  area),  followed  by  minor  uplift  and  erosion  during 
"Glauconite"  time.  A1 ternatively,  the  decrease  in  the  volume  of  sand  de¬ 
posited  may  have  been  due  to  a  raising  of  base  level  at  this  time.  The 
former  explanation  is  favoured,  although  the  data  is  not  conclusive.  Her- 
baly  (1974)  noted  that  early  Cretaceous  sandstones  of  the  Sweetgrass  arch 
had  a  western  origin.  In  central  Alberta,  Williams  (1963)  and  Williams 
et  aj_.  (1962)  inferred  an  eastern  source  (Canadian  Shield)  for  the  Lower 
Mannville  Group  and  a  western  source  (Cordilleran  region)  for  the  Upper 
Mannville  Group,  based  on  the  mineralogy  of  the  sandstones  and  radiometric 
ages  of  detrita!  minerals.  The  proximity  of  the  Turin  area  to  the  Cordil¬ 
leran  region  resulted  in  it  being  little  affected  by  the  products  of  ero¬ 
sion  of  the  Shield. 

In  post-"Glauconite"  time  the  volume  of  sand  deposited  fluctuated 
(Figure  42).  This  was  a  response  to  either  periodic  uplift  of  the  source 
or  intermittent  regional  variations  in  drainage  pattern.  Data  presented 
previously  show  Mannville  streams  to  be  confined  to  fairly  narrow  meander 
belts  (of  a  few  miles)  due  to  structural  control  by  the  pre-Cretaceous 
surface.  Periodic  rejuvenation  of  a  maturing  source  area  was  therefore 
responsible  for  the  pulses  of  sand  deposition  during  late  Mannville  time. 
This  is  confirmed  by  studies  of  the  Mannville  source  area.  Potassium- 
Argon  dates  determined  by  Baadsgaard  et_  al_.  (1961)  for  the  time  of  intru¬ 
sion  of  phases  of  the  Nelson,  Coast  Range  and  Cassiar-Omineca  batholiths 
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of  the  Cordillera,  ranged  from  96  million  years  (m.y.)  to  101  m.y.  Lowdon 
(1961)  dated  phases  of  the  intrusion  of  the  Nelson  and  adjacent  batholiths 
at  101  m.y.  and  127  m.y.  According  to  the  time  scale  of  Obradovich  and 
Cobban  (1975),  these  periodic  igneous  intrusions  and  uplift  occurred  during 
the  Albian,  the  time  at  which  the  Upper  Mannville  Group  was  deposited. 

E.  CONCLUSION 

Clean  sands  were  deposited  mainly  within  the  channels  of  high  energy 
streams  throughout  Mannville  time.  The  position  of  Mannville  channels 
was  governed  by  the  position  of  channels  in  the  pre-Mannville  surface. 

Lower  Mannville  sediments  consisted  mainly  of  sand,  the  volume  of  which 
decreased  upwards  through  the  section  in  response  to  a  levelling  of  the 
Cordilleran  source  area.  Early  Mannville  streams  maintained  relatively 
narrow  courses  confined  by  ridges  of  Mississippian  and  Jurassic  strata. 

Although  the  basic  elements  of  the  early  Mannville  drainage  persisted, 
the  four  main  drainage  systems  periodically  coalesced  during  late  Mannville 
time  to  form  extensive  floodplains  crossed  by  numerous,  small  braided  and 
meandering  streams.  Silt  and  mud  deposition  predominated,  with  periodic 
influxes  of  sand  resulting  from  rejuvenation  of  the  source  area. 
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Chapter  VII 

PETROLEUM  DISTRIBUTION 

A.  INTRODUCTION 

Petroleum  occurrence  was  stored  on  computer  file  according  to  well 
location,  type  of  show  (major  or  minor  oil  or  gas,  oil  or  gas  cut  mud, 
condensate)  and  stratigraphic  position  (uppermost  Upper  Mannville  Group, 
mid  Upper  Mannville  Group,  Glauconitic  Sandstone  Equivalent,  sandstones 
within  fifty  feet  of  the  Ostracode  Zone,  and  the  remainder  of  the  Lower 
Mannville  Group).  The  distinction  between  the  major  and  minor  oil  or 
gas  occurrences  was  qualitative.  Major  occurrences  were  designated  as 
those  wells  which  had  been  or  were  presently  on  production  or  were  capped 
for  future  production.  Only  wells  from  which  structural  and  sand  data 
were  acquired  were  used  in  determining  petroleum  occurrence,  thereby 
precluding  a  number  of  development  wells  in  which  electric  logs  were  not 
run. 

Maps  were  generated  for  each  stratigraphic  interval  showing  the 
distribution  of  each  type  of  show.  For  reasons  of  brevity,  only  maps 
of  major  oil  and  gas  occurrence  in  the  Lower  Mannville  Group  and  the 
Glauconitic  Sandstone  Equivalent,  and  all  oil  and  gas  occurrences  m 
the  Upper  Mannville  Group  (above  the  Glauconitic  Sandstone),  are  pre¬ 
sented. 

The  outlines  of  Cretaceous  oil  and  gas  pools  of  the  Turin  area 
(Figure  43)  were  reproduced  from  the  Geological  Survey  of  Canada  map 
of  oil  and  gas  pools  of  western  Canada  (Map  1316A,  1970).  All  pools 
shown  have  recoverable  reserves  of  greater  than  one  billion  cubic  feet 
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of  gas  or  one  thousand  barrels  of  oil.  The  extension  of  some  fields 
subsequent  to  the  publication  of  the  map  in  1970  accounts  for  the  oc¬ 
currence  of  computer  plotted  production  wells  beyond  the  indicated  field 
limits  shown  in  Figures  44  to  46. 

B.  LOWER  MANNVILLE  GROUP 

Oil  and  gas  production  from  the  Lower  Mannville  is  obtained  from  the 
Sunburst  Sandstone.  Traps  are  stratigraphic,  and  related  exclusively 
to  topographic  highs  in  the  pre-Mannville  surface.  Petroleum  distribu¬ 
tion  has  been  superimposed  upon  the  structure  contour  map  of  the  base 
of  the  Mannville  Group  to  illustrate  structural  control  (Figure  44). 
Pre-Mannville  highs  correspond  to  Lower  Mannville  isopach  thins  (Figure 
14).  Southeastward  oil  and  gas  migration  probably  occurred  in  the 
Tertiary  due  to  regional  tilting. 

The  Taber  North  field  lies  at  the  southeastern  end  of  the  Turin 
Valley,  on  the  western  flank  of  the  Sweetgrass  arch.  Sandstones  lense 
out  into  shales  in  an  updip  (southeasterly)  direction.  The  two  main 
pools  are  located  on  ridges  flanking  the  northern  Turin  Valley  stream. 

The  southern  ridge  is  more  prominent  and  extends  the  length  of  the  Turin 
Valley  (this  feature  was  discussed  in  previous  chapters).  Drilling  of 
the  ridge  in  the  last  six  years  has  resulted  in  the  discovery  of  a  num¬ 
ber  of  major  oil  pools.  One  small  pool  was  defined  on  the  northern 

ridge. 

Mainly  gas  production  is  obtained  from  the  Turin  field  which  is 
located  along  the  southwestern  side  of  the  crest  of  the  Jurassic  cuesta. 
The  field  occurs  at  the  structurally  higher  southeastern  end  of  the 


cuesta. 
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The  Little  Bow  field  is  located  over  a  broad  Mississippi  an  high 
extending  northwest  from  the  Enchant  Ridge  fault  trend.  Oil  and  gas 
pools  overlie  localized  highs  and  structural  noses  within  the  field. 

Since  1970,  small  pools  have  been  discovered  to  the  southeast  of  the 
Little  Bow  field,  along  the  northeastern  side  of  the  Turin  Valley. 

Lower  Mannville  oil  and  gas  production  is  also  a  function  of  sand 
distribution,  occurring  only  where  highs  are  capped  or  flanked  by  se¬ 
quences  of  moderate  to  high  sand  content  (greater  than  40%).  This  ac¬ 
counts  for  the  lack  of  production  from  Enchant  Ridge  and  the  northwest¬ 
ern  end  of  the  Jurassic  cuesta  The  Lower  Mannville  isopach  in  these 
areas  varies  from  20  to  50  feet,  the  upper  15  to  20  feet  of  which  con¬ 
sists  of  shales  of  the  Ostracode  Zone,  which  overlie  late  Lower  Mann- 
ville  silts  and  muds.  Interval  sand  percentage  values  range  from  0  to 
20%  (Figure  27).  Three  small  pools  occur  in  local  depressions  on  the 
Enchant  Ridge  where  sand  content  increases  to  50%.  The  zone  of  no 
production  at  the  centre  of  the  median  Turin  Valley  Ridge  also  corres¬ 
ponds  to  sand  percentage  values  less  than  20%. 

Using  the  criteria  of  high  sand  percentage  values  coincident  with 
pre-Mannville  highs  and  Tertiary  southeastward  migration  of  fluids  as 
the  main  factors  determining  the  accumulation  of  Lower  Mannville  petroleum, 
two  potential  undrilled  areas  occur  within  the  Turin  area  (undrilled  ac¬ 
cording  to  Alberta  Research  Council's  well  file  and  Carter  Mapping's 
one  mile  well  maps  of  the  area). 

An  area  three  and  one  half  miles  long  by  two  miles  wide  in  the  south¬ 
western  part  of  Township  15,  Range  18,  extending  from  the  eastern  limit 
of  the  Little  Bow  field,  holds  definite  gas  potential  (Area  1,  Figure 
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44).  It  overlies  the  northwestern  extension  of  Enchant  Ridge,  and  has 
sand  values  of  60  to  70  percent  indicated  on  the  sand  percentage  map  of 
Interval  12  (Figure  27),  the  uppermost  slice  of  the  Lower  Mannville 
Group.  Sand  content  decreases  towards  the  east  (updip),  and  the  zone 
occurs  within  a  closed  isopach  thin,  in  which  Lower  Mannville  thickness 
ranges  from  25  to  100  feet.  The  structure  on  top  of  the  Lower  Mannville 
(Figure  13)  shows  closure  in  three  directions  or.  the  Ostracode  Zone 
shale.  Closure  to  the  east  is  provided  by  shaling  out  of  the  sands  in 
Interval  12.  The  prospect  consists  of  5  to  40  feet  of  clean  sand  capped 
by  20+  feet  of  shale  with  closure  in  four  directions.  Gas  production 
occurs  at  the  limits  of  closure  (between  the  75  and  100  foot  isopach 
contours)  in  the  northwest  (Township  15,  Range  19),  and  beyond  the  limit 
of  closure  in  the  southeast  (Township  14,  Ranges  18  and  19).  A  suspended 
gas  well  is  located  in  the  north  in  Township  15,  Range  18,  at  the  60 
foot  isopach  contour.  Consequently  the  crest  of  the  feature  remains  un= 
drilled.  This  may  be  due  to  its  east-west  orientation,  contrary  to  the 
northwesterly  trend  of  the  majority  of  pools  in  the  Turin  area,  includ¬ 
ing  the  Lower  Mannville  pool  of  the  adjoining  Little  Bow  field. 

Reserve  calculations  for  gas  above  the  60  foot  isopach  contour 

indicate: 

Volume  of  pool  =  1.673  x  109  cubic  feet  (assuming  10  foot 

average  net  pay  over  6  square  miles) 

Average  porosity  =  20%  (average  porosity  of  Lower  Mannville 

pools  in  Little  Bow  field  =  19.8%) 


Water  saturation 


=  30%  (as  in  Little  Bow  field) 


Assumed  expansion  factor  -115  (based  on  a  res  ^oir  top  at  -1.1°°*** 
subsea,  temperature  change  from  105  F  to  60  F  and  an  associated 
pressure  change  from  1,675  psia  to  14.65  psia) 
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Therefore  the  potential  gas  in  place  is  1.673  x  10^  x  .2  x  .7  x  115  = 

27  billion  cubic  feet. 

ror  this  and  other  potential  areas,  closures  and  volumes  were  de¬ 
rived  from  computer  contoured  maps.  Verification  of  reserves,  or  for 
that  matter  the  validity  of  the  existence  of  pools,  by  hand  contouring 
and  detailed  log  examination,  was  not  attempted.  The  above  description 
and  calculation  is  designed  to  show  that  rapidly  generated  reqional 
computer  maps  are  useful  exploration  tools  for  a  "first  look"  at  a  re¬ 
gion,  limiting  the  number  of  areas  requiring  time  consuming,  detailed 
hand  analysis. 

A  four  mile  by  two  mile,  northwesterly-trending  undrilled  area  be¬ 
tween  the  town  of  Retlaw  and  the  southwestern  margin  of  the  Enchant 
field  (Bow  Island  production)  has  moderate  potential  (Area  2,  Figure 
44).  The  area  lies  between  the  northern  Turin  Valley  channel  and 
Enchant  Ridge.  Sand  values  in  Interval  12  decrease  from  80%  to  50% 
towards  the  southeast  and  southwest,  and  decrease  to  zero  towards  the 
top  of  Enchant  Ridge.  Sands  are  capped  by  shales  of  Interval  9  (0  to 
10%  sand).  If  the  decrease  in  sand  is  partly  due  tc  Tensing,  a  trap 
exists  in  the  southeast  of  the  area  because  of  the  regional  northwesterly 
dip. 


C.  GLAUCONITIC  SANDSTONE  EQUIVALENT 
Petroleum  distribution  in  the  Glauconitic  Sandstone  Equivalent, 
and  factors  controlling  its  occurrence  are  similar  to  those  in  the  Lower 
Mannvi lie  Group.  The  outlines  of  oil  and  gas  fields  have  been  super¬ 
imposed  on  the  structure  map  on  the  top  of  the  Lower  Mannvi lie  to  i  1 1  us — 
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trace  structural  control  (Figure  45).  The  Glauconitic  Sandstone  Equiva¬ 
lent  is  approximately  coincident  with  Interval  9  (Figure  31).  Oil  and 
gas  production  is  obtained  from  the  Little  Bow  and  Turin  fields,  and 
from  the  Retlaw  field  at  the  northwestern  end  of  the  median  Turin  Valley 
Ridge.  The  main  Retlaw  pool  overlies  part  of  a  local  sand  concentration 
(with  up  to  90%  sand)  deposited  around  the  end  of  the  ridge  by  the  south¬ 
ern  Turin  Valley  stream.  The  absence  of  a  comparable  sand  buildup  during 
early  Mannville  time  explains  the  limited  Lower  Mannville  Retlaw  produc¬ 
tion.  The  main  Little  Bow  and  Turin  pools  occur  within  local  sand  con¬ 
centrations.  Minor  shows  only  are  found  in  the  Taber  North  area  because 
of  a  lack  of  reservoir  sandstone.  Oil  production  in  the  Enchant  field 
occurs  from  a  depression  containing  up  to  30%  sand  on  the  northern  side 
of  the  Enchant  Ridge.  Oil  and  gas  fields  in  the  Glauconitic  Sandstone 
Equivalent  are  capped  by  shales  of  Intervals  8  and  9  and  underlain  by 
the  impervious  Ostracode  Zone.  Decreased  sand  deposition  in  Interval  9 
restricted  the  distribution  of  reservoirs  and  for  this  reason,  the  two 
potential  Lower  Mannville  occurrences  are  not  overlain  by  pools  within 
the  Glauconitic  Sandstone  Equivalent.  No  undrilled  prospects  are  ap¬ 
parent  in  the  Glauconitic  Sandstone  Equivalent. 


D.  UPPER  MANNVILLE  GROUP  (POST-GLAUCONITIC  SANDSTONE  EQUIV.) 

Production  and  shows  in  the  Upper  Mannville  Group  are  negligible 
(Figure  46);  small  amounts  of  oil  are  produced  from  the  Retlaw  field, 
and  gas  is  obtained  from  the  Enchant  field.  Thick  shales  have  prevented 
the  upward  migration  of  petroleum  into  the  irregularly  distributed  Upper 
Mannville  sand  lenses.  In  the  Enchant  field,  production  is  obtained 
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from  the  sandstones  at  the  top  of  the  Mannville  Group,  suggesting  that 
marine  Colorado  shales  may  have  been  the  source  of  the  gas.  The  absence 
of  sands  in  Interval  1  (Figure  40)  over  the  Jurassic  cuesta  prevented 
comparable  pools  developing  in  the  southwestern  map  area. 

L _ POST -MANNVILLE  GROUP 

Data  on  post-Mannvil le  petroleum  occurrences  were  not  collected; 
however,  inferences  may  be  made  from  the  distribution  of  gas  in  the  Bow 
Island  Formation  as  mapped  by  the  Geological  Survey  of  Canada  (1970). 

Gas  fields,  when  superimposed  on  the  base  of  Mannville  structure  contour 
map  (Figure  47),  are  seen  to  occur  above  pre-Mannvi 1 le  topographic  highs 
of  greatest  relief.  Differential  compaction  of  Bow  Island  and  underly¬ 
ing  strata  over  the  highs  appears  to  have  formed  the  traps.  The  largest 
occurrence  is  the  Enchant  field,  which  overlies  Enchant  Ridge;  gas  also 
occurs  over  the  median  Turin  Valley  Ridge  (Retlaw  field)  and  at  the 
southeastern  end  of  the  Jurassic  cuesta  (Turin  field). 

Bow  Island  gas  fields  are  also  coincident  with  positive  residuals 
on  the  base  of  the  Mannville  Group  trend  surface  map  (Figure  12).  The 
Little  Bow  field  (Mannville  production)  overlies  the  large  northwestern 
residual,  and  the  absence  of  Bow  Island  gas  in  this  field  is  probably 
due  to  lack  of  an  updip  seal,  permitting  migration  towards  the  Enchant 
field.  The  residual  between  the  Little  Bow  field  and  the  Enchant  Ridge 
which  is  apparent  on  Figure  12,  is  absent  on  the  trend  surface  map  on 
the  top  of  the  Mannville  Group  (Figure  17),  because  of  erosion  of  the 
high  during  late  Mannville  time.  As  a  consequence,  no  structure  is 
present  at  the  Bow  Island  stratigraphic  level,  and  no  gas  accumulation 


occurs . 
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Chapter  VIII 
SUMMARY  AND  CON CL US I ON S 


1)  The  Turin  area  lies  at  the  margin  of  the  Sweetgrass  arch  and 
the  West  Alberta  basin.  Continental  sediments  of  the  Mannville  Group 
were  deposited  on  an  eroded  surface  of  southwesterly-dipping  Mississip- 
pian  and  Jurassic  strata.  The  drainage  pattern  developed  on  this  sur¬ 
face  reflected  the  northwesterly  strike  of  the  bedding.  The  physiogra¬ 
phy  was  dominated  by  a  Jurassic-capped  Mississippi  cuesta  in  the  south¬ 
west  and  a  fault-controlled  Mississippi  ridge  in  the  northeast  (En¬ 
chant  Ridge) s  separated  by  the  Turin  Valley. 

2)  Sediments  were  derived  from  the  Cordilleran  region,  which  was 
subject  to  batholithic  intrusion  and  uplift  during  the  early  Cretaceous. 
Sand  deposition  predominated  initially,  confined  to  pre-Mannville  chan¬ 
nels.  Consequently,  sand  bodies  are  linear  in  form.  Infilling  of  val¬ 
leys  and  denudation  of  the  ridges  produced  a  land  surface  of  low  relief 
by  late  early  Mannville  time.  Sand  continued  to  be  deposited  along  the 
axes  of  pre-Mannville  valleys,  while  fine-grained  sediments  accumulated 

in  lower  energy  depositional  environments  removed  from  active  stream  flow. 
Maturation  of  the  source  area  is  reflected  in  the  progressive  decrease  in 
the  volume  of  sand  deposited,  culminating  in  the  widespread  deposition  of 
Ostracode  Zone  shales. 

3)  Differential  compaction  of  Lower  Mannville  sediments  produced 
an  Upper  Mannville  depositional  surface  similar  to,  yet  more  subdued  in 
form  than  that  which  existed  during  early  Mannville  time.  Silts  and  muds 
were  the  main  sediments  deposited,  but  periodic  uplift  and  erosion  of  the 
source  area  resulted  in  the  influx  of  sand,  the  distribution  of  which  was 
more  variable  than  that  of  the  underlying  sequence.  Drainage  channels 
frequently  coalesced  to  form  wide  valleys  and  floodplains  of  meandering 
streams.  The  section  thickens  regionally  towards  the  southwest. 
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4)  Marin v i He  sedimentation  was  halted  by  the  onlap  of  the  Colorado 
sea.  The  present  structural  configuration  of  the  basin  is  the  result 

of  northwesterly-ti 1  ting  during  the  Tertiary. 

5)  Distribution  of  petroleum  in  the  Mannville  Group  is  a  function 
of  pre-Mannvi 1 1 e  topography,  sand  distribution  and  Tertiary  tilting. 

Traps  are  stratigraphic,  and  are  formed  by  shaling  out  of  channel  sands 
in  an  updip  (southeasterly)  direction.  Fields  are  confined  to  the  tops 
and  flanks  of  structural  highs,  which  correspond  to  ridges  in  the  pre- 
Mannvi  lie  surface.  Production  occurs  mainly  from  the  Sunburst  Sandstone 
and  the  Glauconitic  Sandstone  Equivalent,  capped  by  thick  shales  which 
have  prevented  the  upward  migration  of  petroleum  into  younger  reservoirs. 
Gas  in  the  uppermost  sands  of  the  Mannville  was  probably  derived  from 
marine  shales  of  the  Colorado  Group.  Gas  in  the  Bow  Island  Formation 
occurs  in  traps  formed  by  differential  compaction  over  Upper  Mannville 
highs,  where  closure  exceeded  the  degree  of  Tertiary  tilting. 

6)  Computer-generated  structure  and  isopach  maps  were  of  a  satis¬ 
factory  standard  for  regional  interpretation .  Some  of  the  subjectivity 
inherent  in  hand  contouring  data  was  eliminated  by  the  mechanical  grid- 
ding  and  contouring  algorithms  used  in  the  computer  programs.  Even  though 
these  mechanical  techniques  have  a  degree  of  "subjectivity"  (e.g.,  the 
methods  used  to  choose  control  points  and  interpolate  to  grid  nodes), 
mapping  is  performed  in  exactly  the  same  way  each  time.  Trends  were  mapped 
which  otherwise  may  have  been  overlooked  due  to  geologic  prejudice  of  the 
area.  Sand  percentage  analysis,  using  proportionate  and  fixed  slices 
through  the  Mannville  Group,  was  an  effective  means  of  mapping  gross  sand 
distribution  and  the  geometry  of  sand  bodies.  Trend  surface  analysis  was 
useful  in  enhancing  local  features  on  structure  contour  maps,  permitting  a 
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more  accurate  interpretation  of  the  Mannvllle  drainage  pattern.  The  ir¬ 
regular  regional  sand  distribution  prevented  statistically  valid  surfaces 
being  fitted  to  sand  percentage  data.  The  resulting  residuals  showed 
little  that  was  not  already  apparent  on  raw  data  contour  maps. 
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